NATO UNCLASSIFIED
NORTH ATLANTIC TREATY ORGANIZATION
ORGANISATION DU TRAITE DE L'ATLANTIQUE NORD
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1. The enclosed NATO Standardization Agreement which has been ratified by
nations as reflected in page iii is promulgated herewith.

2. The reference listed above is to be destroyed in accordance with local
document destruction procedures.

3. AAP-4 should be amended to reflect the latest status of the STANAG (and AP if
applicable).

ACTION BY NATIONAL STAFFS

4. National staffs are requested to examine page iii of the STANAG and, if they
have not already done so, advise the Defence Support Division, IS, through their
national delegation as appropriate of their intention regarding its ratification and
implementation.
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ajor General, NOAF
Chairman MAS
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RECORD OF AMENDMENTS

No. Reference/date of ‘Date Signature
amendment entered

EXPLANATORY NOTES

AGREEMENT

1. This NATO Standardization Agreement (STANAG) is promulgated by the Chairman
MAS under the authority vested in him by the NATO Military Committee.

2. No departure may be made from the agreement without consultation with the tasking
authority. Nations may propose changes at any time to the tasking authority where they will
be processed in the same manner as the original agreement.

3. Ratifying nations have agreed that national orders, manuals and instructions
implementing this STANAG will include a reference to the STANAG number for purposes of
identification.

DEFINITIONS

4. Ratification is "In NATO Standardizatian, the fulfilment by which a member nation
formally accepts, with or without reservation, the content of a Standardization Agreement”
(AAP-6).

5. Implementation is "In NATO Standardization, the fulfiiment by a member nation of its
obligations as specified in a Standardization Agreement” (AAP-6).

6. Reservation is “In NATO Standardization, the stated qualification by a member nation
that describes the part of a Standardization Agreement that it will not implement or will
implement only with limitations" {AAP-6). '

RATIFICATION, IMPLEMENTATION AND RESERVATIONS

7. Page iii gives the details of ratification and implementation of this agreement. If no
details are shown it signifies that the nation has not yet notified the tasking authority of its
intentions. Page iv (and subsequent) gives details of reservations and proprietary rights that
have been stated.

FEEDBACK
8. Any comments concerning this publication should be directed to NATO/MAS -
Bvd Leopold (1t - 1110 Brussels - BE

il
NATA REQTRICTEN
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STANAG 4443
(Edition 1)
NAVY/ARMY/AIR
NATO STANDARDIZATION AGREEMENT
(STANAG)
EXPLOSIVES UNIAXIAL COMPRESSIVE TEST
Annexes:
A - Test procedures
B - Test Report Sheet
Related documents: none
AIM
1. The aim of this agreement is to standardize the uniaxial compressive
test for explosive materials.
2. The test described in Annex A and the test report sheet described in

Annex B were developed to give every country the means to determine compressive
mechanical . properties of explosive materials, and to know how the results were
obtained.

AGREEMENT

3. Participating nations agree to use the test procedures described in Annex
A and the test report sheet described in Annex B for assessing the mechanical
behaviours when requested by the procuring nation.

IMPLEMENTATION OF THE AGREEMENT

4. This STANAG is impiemented when a nation has issued the necessary
instructions putting the contents of this agreement into effect.
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A-1 ANNEX A to
STANAG 4443
(Edition 1)
TEST PROCEDURES
SCOPE
1.1 This method covers the determination of the mechanical properties of explosive

1.2

1.3.

1.4.

materials loaded in compression at ail strain or loading rates. Test specimens
of standard shape are recommended, but because of the nature of explosive
material formulation and production, non-standard specimen testing is also
included.

These tests provide information on the compressive mechanical properties of
explosive materials at strain rates ranging from low to high rate. Since
performance and safety are influenced by the mechanical response of the
materials under operational conditions, measurements should be made under
conditions as close to operational as possible.

These tests provide information on the mechanical response of explosive
material samples as a function of temperature, strain rate, pressure, and any
other parameter deemed necessary. This information can be used to establish
mechanical properties, to determine mechanical response transitions, and for
quality control. These tests are commonly conducted on gun propeliants.

The standard units for measurement are Sl units. Temperature may be
expressed in degrees Celsius where appropriate.
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ANNEX A to A-2
STANAG 4443
(Edition 1)

2, DEFINITIONS
The following definitions are given for measuring and reporting specimen response.

Hlustrations in Figure 1 and 2 are provided as reference for these definitior:s.
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Figure 1 : Compressive Stress-Strain Diagram Showing the Location of Various Parameters
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A-3 ' ANNEX A to
STANAG 4443
(Edition 1)
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Figure 2 : lllustration of the Method Used to Determine the g-Point

2.1 Compressive Stress (nominal) :

The compressive load per unit net area of the original cross section carried
by the specimen at any time. Stress is expressed as force per unit area.

2.2 Compressive Deformation :

The decrease in specimen length along the longitudinal axis produced by the
compressive load. It is expressed as units of length.

2.3. Compressive Strain :

The ratio of the compressive deformation to the specimen length, i.e., the
change in specimen length per original specimen length along the longitudinal
axis. Strain is dimensionless and is commonly expressed as a percentage.

NATO UNCLASSIFIED
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24

Energy Density :

The integral of the compressive stress with respect to the compressive strain.
The energy density has units of energy per unit volume.

2.5. Compressive Stress-Strain Diagram :
A diagram which has the compressive values of stress on the ordinzite axis
plotted against the corresponding strain values on the abscissa. The locus of
points is called the compressive stress-strain curve.

2.6 Compressive Proportional limit :
The point on the compressive stress-strain curve at which deviation from the
initial linear stress-strain relationship is apparent.

27 Compressive p-Point:(*)
The point beyond the proportional limit where the second derivative of the

. o d%* .. .
stress with respect to the strain ( — ) is minimum. The Compressive p-
de

Stress and Compressivep-Strain are the corresponding stress and strain at
this paint. (This point is not the point of minimum curvature).

2.8 Peak Stress Point :
The first point on the stress-strain curve where the first maximum stress is
observed at increasing strain. The Peak Stress and the Strain at Peak Stress
are the corresponding stress and strain values at this point.

28 Strain Rate :
The slope in the linear region of the compressive strain plotted against time
before failure. The strain rate is expressed in units of inverse time.

(*) A graphical approximation to determine the g-point can be made by using the intersection point of the lines determined

by compressive modulus and the slope of the curve after maximum load (the failure slope), as illustrated in figure 5.
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A-5- ANNEX A to
STANAG 4443
(Edition 1)

Compressive Modulus of Elasticity :

The maximum slope of the compressive stress-strain curve before the peak
stress. The Modulus has units of force per unit area.

Machine Compliance :

The difference between the total displacement measured and the actual
specimen displacement per unit load that results from the application of load to
the test specimen. If the machine distortion is a linear function of load, machine
compliance should be expressed as displacement per unit force. If the machine
compliance is not constant, a more complex representation must be given. The
inverse of machine compliance is machine stiffness.

3. TEST APPARATUS

3.1

. : . Center Line
Compression Tool /

Displacement < Comvression Tool

Offset
s . / (1f required)
pecimen

ety .~ Force transducer

Figure 3 : Typical Coaxial Test arrangement

Testing Machine :

Any compressive testing machine may be used that is able to record
simuitaneous force and displacement information at uniform displacement rates.
At ram speeds of less than 10 m/s the deviation of the velocity shall not exceed
25 % of the average velocity over the event of interest. Testing machines may
include servo-hydraulic, screw driven, drop weight impact or other testers. A
generic example of a specimen arrangement is given in Figure 3.
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A-6 ANNEX A to
STANAG 4443
(Edition 1)

Displacement Measurement:

The specimen deformation should be measured by a system with a response
time small enough to ensure simuitaneous displacement-load recordings.
Displacement measurements should be corrected for machine compliance so
that only specimen deformation is reported. Measurements should indicate
displacement within £1 percent of maximum.

Load Measurement:

The load measurement must reflect the total compressive load carried by the
specimen. Measurements should indicate load within +1 percent of maximum.
At least ten stress vs strain points must be recorded for each percent strain with
a minimum of 20 points recorded per event.

Compression Tool :

The compression tool must be axisymmetrically aligned and the load forces
must be parallel to the axis of the specimen, as indicated in figure 3.

Calibration:

Each component of the testing device should be calibrated according to the
manufacturer's recommended schedule. The entire system should be verified
with a well characterized material under conditions as close as possible to test
conditions, to ensure that measurements are as accurate and consistent as
possible. Factors to consider : Dynamic loading of the gages may cause
significant error at high rates. These loads are not considered here except as
noted below. »

TEST SPECIMENS

Perforations
Diameter
é

: Length/Diameter
: .1

Crain length

— I

<

Grain diameter

Figure 4 : Typical Gun Propellant Specimen after Preparation
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A7 ANNEX A to
STANAG 4443
(Edition 1)

For data exchange, the recommended length to diameter ratio shall be 1.00 +
0.05, and the interior of the specimen shali be uniform solid (preferred), or
contain symmetric perforations or slots parallel to the cylinder axis. The
specimen ends will be flat and parallel to 0.0225 mm and perpendicular to the
longitudinal axis to within 0.5°. For generic classes of explosives where a length
to diameter ratio of one or where the prescribed tolerances are inappropriate,
the values must be reported.

The specimen ends shall be prepared so that no fracture damage is induced. All
particles that result from the end preparation shall be carefully removed from the
specimen before testing in a manner that does not result in specimen damage.

Perforation diameter shall be measured on each perforation of a specimen after
end preparation. Measurements should be taken on enough specimens to
ensure that a representative measurement is made. Specimens on which
perforation measurements are made by contact devices should not be used for
testing. A typical specimen iilustration is given in figure 4.

Specimen storage shall be in sealed containers until testing or preéonditioning
procedures begin. The temperature and relative humidity during preconditioning
shall be reported.

Testing shall be done with no lubricant added to the end surfaces. If any
contamination or additive is present during testing, a statement on the surface
conditions must be included in the report.

TEST METHOD

5.1

5.2

Measurement of Test Specimen Dimensions

Each dimension shall be measured at least three times using an instrument or
technique that permits accuracy and precision to within 1% of the measured
dimension. Each specimen length and diameter shall be measured prior to
conditioning or testing. The perforation diameter of the specimens shall have
been determined as outlined above, and may be assumed to be accurate for the
test specimen.

Specimen Conditioning

(a) For those tests where temperature conditioning is required, each
specimen shall be conditioned within one Celsius degree of the planned
test temperature for at least one hour before testing. Room temperature
is 23 +2°C.
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5.3

(b)

(c)
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For samples requiring temperature conditioning, the conditioned
specimen shall be placed into a temperature controlied region of the test
apparatus. After the specimen has been transferred, the test
temperature shall be maintained (+ 1°C) within the testing region for a
period long enough to ensure that any disruption of the conditioning of
the specimen has been corrected. Specimen conditioning information
shall be recorded.

If specimens are tested at other than ambient pressures, the pressure
history of the specimen must be recorded for each tested sample.

Test Procedure

(a)

(b)

(c)

Care will be taken to assure uniform straining. The loading shall be
applied coaxially through the center of the specimen. At least five
specimens shall be tested under each testing condition. If large
deviations from average values resuit, additional tests should be
performed in order to determine the nature of the scatter.

Simultaneous force and displacement data, stress and strain
calculations, specimen dimensions, test conditions, gage calibrations,
and a photograph of a typical damaged specimen should bz recorded
and kept as a permanent data file. All information required to complete
the NATO Data Exchange Format should also be reccrded. The
complete specimen iot number, as found on the material description
sheet, should be kept as the primary identifier of the specimen tested.
Any test identification system should be directly linked to the lot number.

The test shall be conducted until the specimen fractures or until three
times the p-strain is reached.

6. DATA REDUCTION

6.1

Calculations

Stress shall be determined by Definition 2.1, where net area is the total cross
sectional area less any perforation or other area not supporting the applied load.
Strain values are determined by Definition 2.3. Machine compliance corrections
to displacement shall be included in any calculations except wher reporting
"raw" data. All other calculations will be in accordance with the definifions listed
in Section 2 or be explained in the report containing the test results.
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Report

The report of test resuits shall be given on the NATO AOP-7 Data Exchange
Format, "Uniaxial Tensile/Compressive Test" (see Attachment), and shall
include at least the following : complete identification of the sample, including the
source, formulation (if possible), identification numbers, and history; a statement
of how the specimens were prepared, and the testing conditions used; a
reference to, or description of the tester used; the total number of specimens
tested per test condition; compressive stress and strain characterization
parameters (illustrated), compressive modulus of elasticity, strain rate, and the
mean and standard deviation (n-1) for each of these measurements; a failure
characterization, and a representative compressive stress-strain diagram. A
representative illustration of a tested specimen is also recommended.

7. Method for Determining an Approximate p-Point

71

7.2

The following method for approximating the p-point is provided for situations
where it is impossible or impractical to compute the second derivative of the
stress with respect to the strain. This approximation determines the p-pointas
the intersection of two lines. The first line is the line used to determine the
compressive modulus. The second line is determined by the best straight line
that passes through the linear section of the points in the stress-strain curve
between the strain at peak strain, €, and twice, e, .

These two lines and the approximate g-point are indicated in the diagram below.
The p-point determined from the second derivative is also indicated.

Siress (MPy)

r

Strain (%)

- Figure 5: Compressive Stress Strain Diagram lllustrating a Method of Determining an Approximate p-Point
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B-1 ANNEX B to
STANAG 4443

(Edition 1)

Report Referencs _ TEST REPORT SHEET
Number- Uniaxial Compressive Test Page of Pageis!
TEST SITE INFORMATION . TEST CONDITIONS
Laboratory: Temperature ("O):
Daze: Relatve Humidity (%):
Test Procedure: X-Head Speed (mm/sec):
NATO Test Procadure Number: 102.01. Machine Type:
Dare Tesned: Grip Type:
POC: Machine Stffness (kN/axn):
SPECIMEN INFORMATION TYPICAL RESULTS
Dimezzicas: Length (Gag= Length):
(mm) Widh:
Thiciness (Diameter): -1
X-Sectional Area (mm*):
} Form:
Prepararion Method:
Manufacoring Method: -
Source: P
Lot or [D Nunber: 3
t - Composidon:
Component Percemt
0 Y
0 Strain (%)
Test ID | Specimen | Comments € S, e 19 ,a{b%, e Es
T s ’ * =% mpa
(*C) (mm’] (s [ MPa) | (%) | MPa) | (%) | (GPa)
Dara Sent Ta: Average
S Dev.

OEF (Umaxial) Revurmm Dase: 26 Aor 91
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ANNEX B to B-2
STANAG 4443
(Edition 1)
TEST REPORT SHEET
Report Reference Uniaxial Compressive Test
Numbcr: (Uspue 8cfarance Nwnber) (Insrecaon Shee) Page of Pags(s)
TEST SITE INFORMATION TEST CONDITIONS
Ll.htlm: (Name of Lebarasary) Tm (°C): (Naminal Spaciwmn Taspere e
Dam: (Da Thar Form Was Canplaad) Relarive Humidity (%): (Naminal Spacims Relaiowe Huwmd
Text Procedige: e of Tan Procesiore Usd) X-Head Speed (mmy/sec);  (Crom Hout Spmad forvg Tes)
NATO Test Procadure Number: 102.01. (Tex Procsiare 1 Machine Type:  (Name ond Madat Number of Mazhine)
Date Teswext: (Das of Tax) Neb) | Grip Type: (Mame and Modal Nassber of Gr)
POC: (Peims of Camac) Machine Sdffness (kKN/gun): (Limesr Mackme Stiffness)
SPECIMEN INFORMATION ) TYPICAL RESULTS
Dirnensions: Length (Gage Length): (e Spacimen f““‘""
(mm) Width: Langoh. Widkh. & n-dnn )
Thickness (Diameter): Dimammicrs -
X-Sectional Ares (mnx’): (Ner Croes
Form: (Seecimm Gannary Descripeor) Sactional Aras}
Prepararion Method: (Specimm Praperasion Pracedure)
Manufacarring Method: (Spacimen Procesing Tacknigue} —-
Source: (Nawr of Mewfachwer) &
Lot or ID Number: (Senr As en Propulies Dascription Shasty* | Z
Preconditioning: (Specivee Condizonng Daxcripear) 5
c I-o .gP Ky l‘(’“i . ": I.. " %
Composition: (Spacime Naxe)
Companenat Percent |
0 - T
(Add Shaets as Nasted) o p P "f:":' (%) (Scale Axis)
TestID | Specimen | Comments € a,_ € {0 ,lbrad B
T s i (MPa)
(*C)  (mam?] (s*) | (MPa) (%) | (MPa) (%) | (GPa)
(Specoman (Spaci. | (Spexi- | (Amy informution Net Availebie = NA) (Sormn Y M awionpn | (Max- (Failure |(Failnre |(Moduius)
TemD -~ | - Rae) Fm) —~— Swexx) | Sermin)
Nembarts)) | Tom- |N& | (uriey May Ba Typut or Hamirorian) Seran)
pwe | Creme
are) Sac-
Gonal | ¢ 7 ine gpacionans hawe bun conditionsd
Aras) | iy auy gy chat smuhay sham diffarens fram
chane wsnully imdicasad by shiz Lot or
Ldaraificusian Number. add & affix s the
Lt ar (D) Number 1o indicane this
difforenx, ¢.g. f Lot RADSPIST2 was
agad 10 daye et S0PC i ovuid bar wretian
a8 RADEDUS 2 - 30D60C
Data Sent To: (Newe et Addres of Poren Average
Racmiving This Infarmstion)
S Dev. J

DEF (Unsasial) Revissom Duse: 28 Apr 91
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B-3 ANNEX B to
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(Edition 1)
Report Reference (g EST REPORT SHEET
Number: RLOOAL “"wme fest Page | of __1 Pageis
TEST SITE INFORMATION TEST CONDITIONS
Laboratory: USA Ballistic Research Laboratory Temperamre : 20
Daze: 28 Oc: 83 =

Test Procedure: Uniaxial Compressive Test
NATO Test Procedare Number: 102.01. 010

Relative Humidity (%): NA
X-Head Speed (mm/sec): 2590
Machine Type: MTS Sexrvohydraulic Tester

Thiciness (Diameer): (3.70)
X-Sectional Ares (mm?): 58.0
Form: T™MP
Preparation Method: Diamond Saw - L/D=l
Source: Radford Army Amunition Plant
Precoaditoning: NA
Conditioning Period: NA ~
Compositdon: JA2
~Nimnceilulase . 5.
~MNirnglycesia 149
-DEGDN__ 248

Duse Tesed: 28 Jul 86 Grip Type: NA
POC: Rob Lich Machine Sdffoess (kN/mm): 190.
SPECIMEN INFORMATION TYPICAL RESULTS
Dimensions: Leagth (Gage Length): 8.70
| (mm)  Widh: 25

| oo irsoms,

/5

Stress (MPa)

o
\X
.N -

~Alcardir IT 070 |
. . .
0 Serain (%) 10
re————— - — ——
Test ID Spfmm; Comments e s, e, |s, ¢, _J E,
O (mm] s | (MPa) | (%) | (MP)] (%) | (GPa}
263.01 20 | 580 311 | 250 | 51 ns is| L1
263.09 20 | s8.0 296 | 135 | s4 209 40| 076
263.17 20 | 580 22 | 257 | s0 649 34| 108
26325 20 | 580 310 | 256 | 5.1 2 36| 094
26333 20 | 58.0 284 | 248 | 52 22 34| 105
Dara Sent To: Bemsrd Gondouin, SNPE Averge | 298 | 249 | s2 2.0 36 | 099
6 Bouchet -
91710 Vet le Perix, Frunce S Dev. 12 09 | o2 1.5 03| 014

DEF (Dlnsanzal) Ramicis Mace M Amw 81
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STANAG 4443
(Edition 1)
TEST REPORT SHEET
Repont Reference Uniaxial .
N . maxial Compressive Test Page of ___. Page(s)
Test D |Specimen Commenrts e c 3 Co wt|us = E
TS RN | odPay
O (mm?) (s |(MPz) | (%) |MPa) | (%) | (GPa)
Data Sent To: Avenige
S Dev.

T Crianial} Kevwon Daxsy Rav 30

4443E_1.WPD
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RATIFICATION AND IMPLEMENTATION DETAILS

STADE DE RATIFICATION ET DE MISE EN APPLICATION

N NATIONAL IMPLEMENTATION/MISE EN APPLICATION
A NATIONAL RATIFICATION IMPLEMENTING
T DOCUMENT FORECAST ACTUAL DATE
REFERENCE DE LA
1 RATIFICATION NATIONALE | NATIONAL DE MISE DATE PREVUE REELLE
) EN APPLICATION
N NAVY | ARMY | AR | Navy | arMY | AR
MER TERRE MER | TERRE
BE
CA 24414443 (DACME 2-3) of/du STANAG 4443
15.06.95
DA MA204.69 - S443/MAM3-13554 STANAG 4443 01.12.97 01.12.97 01.12.97
offdu 27.06.95
FR
GE BMVg-Fii SIV2 Az 03-51-60 of/du 1.1.98 1.1.98 1.1.98
10.11.95 .
GR
T
LU BO 3520/95 of/du 16.06.95 N.I N.L
NL M95014701 of/du 31.07.95 STANAG 4443 1.9.97 31.12.96 31.12.96
NO MAS-693/95/MST/U3/BQ/ 1.1.96 1.1.96 1.1.96
STANAG 4443 of/du 27.07.95
PO RRN 014/97/DA of/du 05.02.97 STANAG 4443 1.9.97
sp
TU TUDEL-97/260 du/of 20.01.97 1.12.97
UK 341/8/4443 du/of 09.12.96 1.9.97 1.9.97 1.9.97 1.9.97 1.9.97 1.9.97
us QUSD(A&T) S&TSM du/of STANAG 4443 1.11.96 1.11.96 1.11.96
22.11.96

* See overleaf reservations(*)
Voir au verso réserves (*)
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